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ABSTRACT  SUMMARY 

Interim  Technical  Prbgreas'' Report  No.  6 


ASD  Interim  Report  7-88e(Vl) 
April,  1962 


HIGH  ENERGY  RATE  EXTRUSION 
by 

J.  M.  Rlppel  , 

Westln^^use  Mstals  Plant 
BlalrsvlUe,  Pa. 

Ihe  Investigation  of  the  hl£^  energy  rate  extrusion  process  has  continued. 

The  effect  of  ram  mass  and  reduction  ratio  has  been  analyzed  on  pull-off 

length  with  results  that  compare  well  with  experimental  data.  The  T1-6a1-4v 

% 

alloy  has  been  extruded  in  10-foot  lengths.  Steel  extrusions  10  feet  long 
have  been  extruded  but  they  separated  Inertially  Into  smaller  lengths.  A 
braking  device  has  been  made  which  gives  the  desired  effect  but  not  to  a 
degree  sufficient  for  making  10-foot  extrusions  of  steel.  The  extrusion 
constants  for  titanium,  steel  and  aluminum  under  hi.£^-veloclty  extrusion 
conditions  have  been  determined.  The  speeds  and  stresses  involved  during 
the  extrusion  period  have  been  measured  and  an  emalysis  made  of  the  require¬ 
ments  for  a  successful  braking  device. 
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FOREWORD 


This  Interim  Technical  Progress  Report  covers  the  work  performed  under 
contract  AF  33(600)-4l948  from  28  December  19^  to  31  March  1962.  It 
is  published  for  technical  information  only  and  does  not  necessarily 
represent  the  re commendations >  conclusions^  or  approval  of  the  Air  Force. 

This  contract  was  awarded  to  the  Westlnghouse  Electric  Corporatlca  £md 
is  being  carried  out  at  the  Materials  Manufacturing  Division,  BlairsvlUe, 
Pennsylvania.  Mr.  J.  M.  Rlppel  of  the  Westin^ouse  MaterieOjs  Manufacturing 
Division,  was  the  Project  Engineer.  Mr.  D.  G.  Rabenold,  Materials 
Manufacturing  Division  also  contributed.  It  was  administered  under  the 
technical  direction  of  Mr.  T.  S.  Felker,  ASRCTB,  Manufacturing  Technology 
Laboratory,  Wrlght-Patterson  Air  Force  Base,  Ohio. 
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A.  HJIRaDUCTION 


The  purpose  of  this  contract  is  to  advance  the  state-of-the-art  of 
hi£^  energy  rate  extrusion  and  to  determine  the  capabilities  of  the 
I^ynapak  machine  when  applied  to  the  extrusion  of  various  metals  into 
structural  shapes  of  the  quality  required  for  aircraft >  missile  and 
spacecraft  construction. 

Investigation  of  the  process  parameters  will  comprise  the  bulk  of 
effort  in  detezmining  precisely  the  capabilities  and  limitations  of 
the  machine  relative  to  extruding  the  desired  lengths  and  cross-sections;. 

The  first  phase  of  the  contract  required  a  literature  review  and 
state-of-the-art  survey.  This  report  was  completed  15  February,  196I, 
and  authorization  to  begin  Phase  II  was  received  1  March,  I96I. 

The  objective  of  Phase  II  is  to  develop  the  basic  extrusion  o^ratlon 
for  steel  and  titaniiim  and  conduct  experimentation  necesseuy  to  evolve 
an  optimum  manufacturing  process  for  the  production  of  selected 
materials  into  extrusions  equivalent  to  those  normally  supplied  by  the 
Industry. 

As  Phase  II  progressed,  five  major  problem  areas  became  apparent: 

(1)  The  available  energy  of  the  1210  Dynapak  machine  did  not  appear 
sufficient  to  extnide  the  required  volume,  I8  cubic  inches,  of  titanium 
and  steel  to  make  the  desired  10-foot  lengths  of  a  2"  x  1”  x  .050” 
T-section.  (2)  The  reduction  ratio  for  this  thin  walled  configuration 
is  very  hi^.  (3)  The  die  erosion,  which  occurs  when  extruding  tltaotum, 
is  very  hlj^  and  adversely  affects  tolerances  and  extrusion  surface 
quality.  (4)  The  hlg^  speed  of  the  machine  and  the  severe  reduction 
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ratios  caused  numerous  tooling  failures.  (?)  Tbe  phenomena  of  Intertlal 
separation,  a  condition  caused  by  the  rapid  deceleration  of  the  extrusion, 
prevented  the  extrusion  of  long  lengths*  At  the  start  of  the  extruding 
operation,  the  nose  of  the  extrusion  emerges  from  the  die  at  approximately 
1000  feet  per  second  and  several  milliseconds  later  the  tall  of  the 
extrusion  emerges  at  less  than  ?0  feet  per  second.  Inertial  separation 
occurs  because  tbe  force  required  to  slow  the  front  end  of  the  extrusion 
exceeds  tbe  tensile  strength  of  the  extrusion  and  It  literally  pulls 
itself  apart. 

It  now  appears  that  the  1210  Oynapak  has  the  energy  to  extrude  10  foot 
lengths  of  aluminum  and  10-foot  lengths  of  titanium.  IMs  machine, 
however,  cannot  extrude  the  required  volume  of  steel  to  make  10  feet  of 
the  2-lncb  by  1-lnch  T-section.  the  past  quarter,  work  on  an  l6l0 
Model  Oynapak  machine,  rated  at  4?0,000  ft.  lb.,  demonstrated  that  10 
foot  lengths  of  both  titanium-6lAL-4y  and  4340  steel  can  be  extruded  on 
this  machine.  The  energy  requirement  is  no  longer  a  limitation  for 
Phase  II  extrusions. 

Tbe  reduction  ratio  problem  has  been  minimized  by  using  the  smallest 
possible  billet  that  will  cover  the  configurationr  (2-l/l6-inch  diameter). 
The  2«lnch  by  1-lnch  T-sectlon  has  been  extruded  successfully  from  this 
size  and  die  fill-out  has  not  been  a  problem.  Tbe  reduction  ratio  Is 
22:1  rather  than  33:1  or  47:1  which  It  would  be  if  a  conventional 
2-l/2-inch  or  3’’inch  diameter  contaiiser  were  used  for  this  configuration. 

Die  wear  has  been  considerably  reduced  by  using  ceramic  coated  dies 
for  titanium.  Die  life  varies  from  1  to  4  shots;  failure  results  when 
tbe  oxide  coating  chips  off,  actual  die  wear  is  small. 
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Many  tooling  failures  were  encoimtered,  most  of  which-were  a  result  of 
overloading.  Stresses  up  to  2^0^000  psl  are  often  encountered  in  this 
type  of  operation.  Failures  have  been  minimized  by  improved  tooling 
design^  more  \miform  billet  beating,  die  design  (entrance  an^),  and 
the  use  of  hi^r  strength  materials.  The  use  of  strain  guages  on  the 
tooling  during  extrusion  has  provided  much  information  on  the  tooling 
requirements. 

The  problem  of  Ineirtial  separation  has  yet  to  be  completely  solved. 

Work  in  the  past  quarter  has  led  to  the  development  of  a  simple  friction 
brake  with  which  a  single-piece  titanium  extrusion  10  foot  long  was 
produced.  It  has  not,  however,  been  possible  to  make  10-foot  steel 
extrusions  in  one  piece  and  work  during  the  next  period  will  be 
directed  toward  this  goal. 

B.  C(»CLUSI0H3 

(1)  It  has  been  demonstrated  that  the  Model  l8l0  Oynapak  machine  is  capable 
of  extruding  Ti-6AL-4V  allqy  and  A3BI  43kO  steel  in  the  volume  (l8  cubic 
inches)  necessary  to  c’^tain  10-foot  lengths  of  the  required  "T"  configuration. 
Since  previous  work  dw  ^  this  program  has  demonstrated  the  equivalence 

of  43^0  steel  emd  type  304  stainless  steel  for  extrudability,  it  has 
been  demonstrated  indirectly,  then,  that  the  necessary  volume  of  stainless 
steel  can  also  be  extruded  by  the  Model  l8l0  Dynapak  machine. 

(2)  Sufficient  experimental  data  were  obtained  to  permit  defining  quantitatively 
the  effect  of  different  ram  weights  (equivalent  masses)  on  the  length 

of  product,  other  extrusion  conditions  being  held  consteuit.  The  variation 
of  these  psirameters  under  a  number  of  extrusion  conditions  has  been 
developed  grcphically. 
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!]*be  diameter  of  the  tooling  has  a  direct  effect  on  the  length  of 
extrusions  which  cam  he  obtained.  The  smaller  the  diameter  at  a 
fixed  reduction  ratio^  the  longer  the  piece  which  can  he  obtained. 

The  speed  at  which  the  extrusion  is  produced  does  not  greatly  affect 
the  extrusion  pressure  over  the  range  of  speeds  from  13  in. /sec. 
(conventional  extrusion)  to  500  in. /sec.  (hi£^-velocity  extrusion). 

To  obtain  10-foot  lengths  of  titanium  on  the  1210  maushlne,  a  brake 
is  required  that  can  exert  a  uniform  retarding  force  of  approximately 
3^000  pounds. 

The  efficiency  of  the  1210  I^ynapak  machine  varies  from  approximately 
83%  at  900  psl  fire  pressure  to  62$  at  2000  pel  fire  pressure. 

DISCUSSION  AHD  KE3ULTS 
Catching  Devices 

The  phenomena  of  inertial  separation  has  led  to  a  series  of  devices  and 
methods  for  preventing  it.  One  of  the  most  simple  devices  which  was 
investigated  was  a  wooden  frictional  brake. 

ivo  pieces  of  wood  2"  x  4"  x  10*  were  placed  below  the  die  and  the  *^1" 
section  extruded  into  the  gap  between  them.  One  of  the  pieces  of  wood 
was  cut  to  allow  the  bottom  leg  of  the  "T"  to  slide  through  without 
being  restricted  (Figure  1).  On  the  first  trials  a  .030-inch  to  .040-inch 
gap  was  maintained  between  tl»  braking  faces.  Later^  the  clearance  was 
reduced  to  zero  and  the  wooden  pieces  were  held  tightly  together  with 
clamps.  With  the  proper  lead  in^  the  extrusion  could  be  led  into  this 
slot.  This  worked  satisfactorily  except  that  the  hot  extrusion  pressing 
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against  the  wood  caused  the  wood  to  smoke  and  bum.  This  condition  was 
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eliminated  by  facing  the  wood  with  a  l/l^-lnch  translte  plate.  Xranslte 
Is  a  hle^-temperature^  fire-resistant  material  often  used  In  furnace 
construction.  This  was  effective  In  reducing  smolce  and  makes  a  suitable 
surface  for  the  extxxislon  to  slide  on. 

The  effect  of  the  brake  can  be  reeidlly  seen  by  conqparlng  extrusion 
number  358  (Table  1)  with  364  and  353»  Without  the  brake, . extrusion 
number  3^8  pulled  off  after  36  Inches  had  been  extruded.  The  other 
two  extrusions  did  not  pull  off  or  even  neck  down  (see  Figure  2)  after 
76  Inches  had  been  extruded.  This  does  demonstrate  the  feasibility  of 
this  type  of  brake  altbou^  It  was  not  entirely  successful  In  later 
attempts  when  larger  and  longer  pieces  were  made  on  the  18L0  Dynapak 
machine. 

Ilhe  limiting  force  which  can  be  applied  with  this  type  of  device  is  the 
sisn  of  the  force  required  for  the  extrusion  to  open  the  brake  and  force 
itself  between  the  two  faces  In  a  wedge-like  fashion  plus  the  sliding 
frictional  force.  In  most  cases,  because  of  the  hi£^  speed  and  type 
of  materials  involved,  the  frictional  force  is  probably  very  low  until 
the  latter  part  of  the  extrusion  period  when  the  extrusion  has  slowed 
down.  The  force  required  for  the  nose  of  the  extrusion  to  open  tip  the 
brake  and  force  its  way  throu^  csm  probably  be  increased  by  making  the 
brake  of  harder  and  heavier  material.  By  making  the  brake  from  harder 
material  there  will  be  less  tendency  for  the  brake  material  to  be 
coo^ressed  and  thus  the  forces  exerted  against  the  extrusion  will  be 
maintained  at  hi^r  levels,  similar  to  differences  in  forces  exerted 
on  a  nail  as  it  Is  driven  into  soft  and  bard  wood.  Qy  making  the  brake 
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heavier  tfe  force  required  to  push  It  aside  will  Increase  as  the  larger 
mass  has  a  hl£^r  momentum  and  thus  larger  forces  will  be  required  to 
mahe  it  move. 

2.  Extrusions  on  l8l0  Dynapak 

Six  extrusions  were  made  on  the  IdlO  l^ynapak  machine  to  verify  the  feu:t 
that  the  l8l0  machine  is  capable  of  extruding  10-foot  lengths  of  titanium 
and  steel.  From  previous  data  based  on  the  power  required  to  extrude 
lesser  amounts  of  materl8LL«  it  appeared  that  this  machine  could  extrude 
10-foot  lengths  of  titanium  at  less  than  full  power  and  10  feet  of  steel 
near  full  power.  This,  as  it  turned  out^  was  the  case.  Two  extrusions 
each,  of  T1-6AL-4v  eucid  4340  type  steel,  were  made  approximately  10  feet 
long  at  l600  psl  and  l800  psi  fire  pressure,  respectively.  The  extrusion 
conditions  are  summarized  in  Table  2. 

The  extrusions  made  were  of  the  "T”  design  2  Inches  across  the  top  with 
a  1-inch  leg  and  thickness  from  .040  to  .0^^  inches.  The  variation  in 
thickness  occurred  mostly  in  the  ceramic  coated  dies.  The  ceramic  was 
applied  too  thick  and  was  not  ground  down  to  the  proper  size.  This 
variation  in  the  thickness  of  the  ”T"  legs  did  not  have  any  adverse 
effect  on  the  extrusions  but  did  Increase  the  reduction  ratio  on  the 
extrusions  with  the  very  thin  legs. 

The  extrusion  techniques  (parameters)  were  similar  to  those  previously 
used  on  both  the  1210  and  l8l0  Dynapaks.  The  billets  were  coated  with 
glass  for  protection  during  heating  and  for  lubrication.  The  container 
and  die  were  heated  to  300*-400*F  and  liberally  coated  with  a  graphite 
and  water  lubricant.  The  billets  were  heated  in  an  induction  furnace 
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and  could  be  unloaded  and  extruded  with  an  average  transfer  time  of 
seven  seconds.  13)e  tooling  was  madeftom  H-13  hot  work -die  steel  heat 
treated  to  48-^0.  Be.  The  container  and  punch  were  2-l/l6-lnch  diameter. 
The  billets  were  l-15/l6-lnch  In  diameter  and  6  to  6-1^-lnches  long. 

Brtruslon  WUnibers  391  aagl  -392 

niese  two  Tl-6iAl-4v  ailloy  extrusions  were  made  at  1700”F  using  1200  psl 
and  1350  psl  fire  pressures,  respectively.  Ceramic  coated  dies  were 
used  with  a  120*  entry  angle  and  21:1  reduction  ratio.  In  both  cases, 
part  of  the  ceramic  coating  spalled  off  In  a  manner  similar  to  that 
shown  In  Figure  3«  Extrusion  number  391  was  77  Inches  long  without  any 
Indication  of  neck  down.  Extrusion  number  39^  which  was  extruded  at 
1330  psl  fire  pressure  was  only  6^  Inches  long  because  of  the  enlarged 
die  caning  due  to  the  spalled  die.  The  actiial  reduction  ratio  In  this 
case  was  17:1.  The  volumes  extruded  were  11.5  and  13  cubic  Inches  from 
billets  of  approximately  I8  cubic  Inches.  The  extrusions  were  suspended 
fl:om  the  die  and  were  stral^^t  althou^  there  was  some  twist  In  them. 
These  two  extrusions  point  out  one  significant  difference  between  the 
conical  and  the  shear  die.  Frevlous  to  this,  under  Identical  conditions 
of  temperature,  billet  size  emd  reduction  ratio,  the  longest  length 
extrusion  obtained  was  only  hO  Inches  with  a  shear  dle(see  Figure  4A). 

By  using  a  120*  entry  azigle  on  the  die,  77  leches  was  obtained  and  there 
was  no  Indication  of  necking  due  to  inertial  forces. 

Extrusion  Mumbers  393  and  396 

These  two  extrusions,  shown  In  Figure  4b,  were  also  pushed  at  1700*P 
under  conditions  similar  to  extrusions  numbered  391  and  392  except  that 


11 


I 


1 

1 

I 

I 

I 


I 

\ 


eo 


0) 

(D  ^ 


— 

M- 

o 

3E 

0) 

■3 

O 

•— 

Q. 

M 

Q. 

3 

*3 

o 

C 

3 

3 

o 

JZ 

■h* 

C 

c 

o 

o 

(0 

a. 

3 

i. 

■fJ 

o 

X 

o 

o 

•4-' 

3) 

C 

>v 

*— 

o 

c 

3 

Q> 

•o 

*3 

C 

»♦- 

o 

4- 

O 

(0 

O. 

(0 

•c 

fO 

o 

JZ 

o> 

o 

c 

c 

>■» 

“O 

(0 

o 

t3 

o 

3 

*0 

x: 

•  mm 

H 

u 

a> 

• 

(0 

■4-» 

B 

3 

O 

— 

B 

XI 

(0 

L. 

■3 

o 

3 

o 

■3 

C 

3 

> 

a. 

a> 

X 

• 

3 

c 

•3 

C 

o 

3  ' 

“O 

■4^ 

0) 

4- 

O 

u 

O 

3 

<0 

3 

M- 

3) 

C 

3 

<•*  o.  c 

e  Q.  — 

<d  — 

l.  ^  <D 

O  •<-*  O 

O  (0  H- 


Top  type  it3it0  steel,  121  inches  long,  extruded  at  2050°F.  Tee  section  2  inches  by  I  inch  by 
.050  inch.  Center  and  bottom.  Titanium-6A1-4V,  lie  inches  and  120  inches,  extruded  at  I700°F. 


they  vere  extruded  at  150O  psi  euad  I6OO  psi,  respectively*  Extrusion 
number  393  had  a  z«duction  ratio  of  2^:1  £ind  120  Inches  of  material 
was  extruded.  A  wooden  friction  brake  of  the  type  described  previously 
was  used.  The  force  exerted  by  the  brake  was  not  sufficient  to  prevent 
Ineirtlal  separation  and  the  extrusion  pulled  apaort  in  two  places.  Aside 
from  the  front  end  of  the  extrusion,  which  went  coopletely  throuc^  the 
brake  and  bent  in  the  sand,  the  extrusion  wets  fEd.rly  straif^t.  The 
power  was  Increased  for  extrusion  number  396  in  an  atten^t  to  make  a 
longer  extrusion  axid  the  wooden  brake  was  modified  by  putting  -^anslte 
on  the  two  faces  and  reducing  the  gep  between  the  faces  from  .030  inches 
to  0.  This  did  prevent  the  extrusion  from  parting  but  there  was  some 
necking  at  the  tail  end  of  the  extrusion.  IMs  extrusion  measured  II6 
inches,  including  the  necked  down  area.  This  extrusion  tiimed  out  to 
be  shorter  than  anticipated  because  of  die  distortion.  The  die  holder 
was  not  hardened  properly  (38  Rc  vs  k8)  emd  it  deformed  sli^tly  causing 
the  inserts  to  distort  resulting  in  a  hle^r  reduction  ratio  than 
anticipated. 

Extrusion  Mumbers  3^8  and  312 

These  two  extrusions  were  made  from  AISI  type  U340  steel  at  2050"F. 

The  reduction  ratio  was  approximately  23 ;1  and  the  fire  pressure  was 
1600  psi  and  1800  psi,  respectively.  At  a  13-inch  stroke  length,  18OO 
psi  fire  pressure  is  approximately  855^  of  the  energy  available  and  is 
equivalent  to  an  energy  of  320,000  ft.  lbs.  Although  the  brake  was 
applied  to  extrusion  number  3*^8  in  a  manner  similar  to  extrusion  number 
396,  it  was  not  sufficient  to  prevent  inertial  separation.  Two  pieces 
were  obtedned  86  inches  long  and  35  inches  long  for  a  total  of  121  inches. 
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Extrusion  nuinber  312  was  heated  to  2050*F  but  either  the  added  energy 
(267^000  to  320^CXX)  ft.  lbs.,)  or  an  improper  temperature  reading  caused 
the  material  to  behave  in  a  hot>short  fashion,  resulting  in  many  small 
pieces  ( "pqp-comlug" ) . 

nie  tooling  appeared  to  hold  up  well  on  all  extrusions.  Xhe  punches 
with  which  most  of  the  previous  tooling  failures  occurred  held  iip  very 
well.  The  volume  of  metal  extruded  per  1000  ft.  lbs.  compared  favorably 
with  the  data  previously  obtained  on  the  1210  Qynapak  machine  althou^ 
silently  lower. 

A  significant  step  forwajrd  was  made  in  these  10-foot  extrusions  of  steel 
and  titanium,  especially  the  titanium  \diich  weis  held  in  one  piece  with 
a  relatively  simple  braking  device. 

3«  Factors  Effecting  Inertial  Separation 

The  investigation  of  the  factors  which  affect  inertial  separation  has 
continued.  Two  of  the  factors,  ram  mass  and  billet  size,  have  been 
investigated  on  both  a  1210  and  an  I810  Model  I)ynapak  machine.  The 
effect  f  these  variables  are  shown  graphically  in  Figures  ^  throu^  8. 
These  curves  show  the  results  from  more  than  100  extrusions.  There  is 
a  certain  amount  of  variation  due  to  other  factors  such  as  billet  temper¬ 
ature,  die  shE^,  lubrication,  stroke  length  and  general  die  condition 
which  will  have  an  imdetermined  effect,  but  the  general  curves  bear  out 
the  basic  relationships  as  discussed  in  the  previous  reports. 

The  C8j.culated  effect  of  ram  mass  predicts  that  extrusions  can  be  made 
70^  longer  on  the  1210  Model  Eynapak  machine  with  the  heavy  ram  as 
compared  to  the  same  machine  with  the  llc^t  ram.  On  the  curves  in 


15 


Beductlon  Ratio 

5  -  Effect  of  ram  mass  and  reduction  ratio  on  the  maximum  length  of 
extrusion  idiich  can  he  ohtai^d  in  a  single  piece.  These  lengths 
vere  obtained  using  Ti-6Al>4v  alloy  and  1.3^  inch  diameter  tooling 


Laches 


FIQURB  6  -  Effect  of  ram  mass  and  reduction  ratio  on  the  maximum  length  of 
extrusion  ^ich  can  be  obtained  in  a  single  piece.  Obese  lengths 
w^e  obtained  using  Ti-^Al-^VAUoy  and  2  inch  dieuneter  tooling. 


Maximum  ^truslon  Lezigth  -  Inches 
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FIGIBE  7  -  Effect  of  ram  mass  and  reduction  ratio  on  the  maximum  length  of 
extrusion  which  can  be  obtained  in  a  single ''^plede'.  '"^Ci^se  lengths 
were  obtained  using  steel  and  1.3^  inch  diameter  toolijog. 


Muclmiim  Extrusion  Length  •>  Laches 
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Figujres  5  throned  8  the  actual  observed  increase  is  to  JOft  .tor 
steel  cuid  titanium*  She  calculated  obtainable  length  on  the  180.0 
machine  is  twice  that  which  can  be  obtained  on  the  1210  machine  with  the 
heavy  ram  and  again  the  figures  bear  out  this  relationship  with  actual 
increases  of  Qoi  to  lOOi* 

She  relative  mass  of  the  three  conditions  investigated  are  ^  and 
l4o  slugs^  respectively*  ixasples  of  obtainable  lengths  of  steel  and 
tltaalun  (see  Figure  9)  at  a  20:1  reduction  ratio  under  the  three  con¬ 
ditions  are  15  inch,  24  inch,  and  46  inches  for  steel  and  30  Inehes, 

45  inches  and  90  inches  for  titanium* 

Sie  ealoulated  relationship  between  oootalnsfr  cross  sectional  area  and 
pull  off  length  coooares  well  with  tetual  values.  Die  cross  sectional 
area  of  the  two  containers  (1*3$"  and  2*0"  diameter)  are  1*46  square  Inohes 
and  3*14  square  inohes.  Ohe  increase  from  30  to  52  Inohes  of  titanium  and 
24  to  47  inohes  of  steel  under  similar  conditions  represent  an  inereass  of 
70)1  to  80](.  She  actual  difference  is  sli^i^tly  less  than  the  ealoulated 
value  (115)()  and  is  probably  due  to  an  Inerease  in  friotion  oaueed  by  the 
Increase  in  the  surface  volume  relatlouhip. 

USm  length  of  the  extrusion  obtained  before  tensile  failure  occurs  is  a 
result  of  the  texuiUe  strength  of  the  material  and  the  deceleration  of  tbs 
piece  being  extruded.  Many  things  affect  the  deceleration*  Factors  whiohAln- 
crease  the  decelexatlon  and  tend  to  shorten  the  extrusion  by  slowing  the  ram  . 
down  at  a  faster  rate  are  hle^  frictional  forces,  hi|^  extrusion  constant#, 
high  reduction  ratios,  long  machine  strokes,  ax:d  hi|^  back  pressure  actions 
on  the  ram  piston.  Die  desiffx  also  influences  the  length,  in  addition  to 
changing  the  frictional  resistance  which  is  not  very  significant,  it  oan 
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affect  the  tenperature  rise  of  the  extrusion  tAlch  can  have  a 
significant  effect  on  tensile  strength*  In  one  case,  the  length 
of  extrusions  Increased  from  4o  to  77  Inches  idien  changing  from  a 
shear  to  a  conical  die* 

U.  Ihstrumentatlon 

During  the  past  quarter  the  instrumentation  previously  descrlbed(l)has 
been  used  on  a  number  of  extrusions  to  obtain  ram  velocity  and  extrusion 
pressure.  Ohe  extrusion  pressures  and  K  factors  of  steel,  T1->6A1-4'V 
alloy  and  6o6l  aliamlnum  are  listed  in  Table  3*  Xbe  average  K  factors 
obtained  for  three  steel  extrusions  were  U'7,000(304'  S*S. )  57;»0^(AISI  4340) 
and  6i2,000(AISI  4340)*  These  appear  to  be  typical  for  these  materials 
at  an  extrusion  temperature  of  l875*F.  The  K  factor  at  break  throu^^ 
was  approximately  50^  higher  and  resulted  in  a  loading  of  the  punch 
of  300,000  psl.  The  punch  which  was  used  failed  under  this  load.  Type 
6o6l  aluminum  at  BOO^F  had  a  K  factor  of  about  the  same  magnitude  as 
4340  steel  at  187^  *F.  This  appears  reasonable  when  considering  their 
relative  strength  at  their  extrusion  temperature.  As  anticipated  the 
K  factor  for  the  titanium  alloy  is  somewhat  lower  with  an  average  vcQue 
of  48,000  at  156o*F  and  34,000  at  1700*F.  Even  thou^  the  speed  of  this 
process  is  many  times  faster  than  conventional  extrusions,  the  K  factor 
of  material  is  not  appreciably  effected.  Examples  of  the  photographs 
of  the  oscilloscope  traces  and  the  conditions  under  whiCh  the  material 
was  extruded  are  shown  In  Figures- J.0  and  11. 

One  extruslon(number  37^)  vas  analyzed  to  determine  the  stresses  Imposed 
on  the  extrusion  at  various  lengths  and  to  obtain  data  from  which  a 
braking  device  could  be  designed.  This  extrusion  is  a  T1-6AI-4v  alloy 
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Photograph  of  oscilloscope  trace  of  strain  gauge  and  velocity  transducer  output  duri 
extrusion.  Stress  reads  from  the  bottom  and  velocity  from  the  top  of  photograph. 
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Photograph  of  oscilloscope  trace  of  strain  gauge  and  velocity  transducer  output  during 
extrusion.  Stress  reads  from  the  bottom  and  velocity  from  the  top  of  photograph. 


and  was  extruded  at  1700 °F  with  a  reduction  ratio  of  22:1.  These 
conditions  are  similar  to  those  required  to  extrude  the  prescribed 
"T"  section.  Plots  of  the  speeds,  stresses  and  forces  are  shown  In 
Figures  12  through  13.  Of  primary  Interest  are  the  calculated  stresses 
Imposed  on  the  extrusion  as  shown  In  Figure  13.  A  tensile  failure 
begah  in  this  extrusion  after  3^  Inches  had  been  extruded  and  the 
stress  was  approximately  13,000  psi.  A  minimum  stress  of  20,000  psl 
would  be  required  to  avoid  necking  of  the  120-inch  extrusion.  This 
is  a  force  of  3,000  pounds  for  the  cross  sectional  area  being  considered 
(.13  square  Inches)  or  a  retarding  force  of  23  pounds  per  Inch  of  extrusion 
length. 

Similar  data  were  obtained  for  steel  extrusions.  When  the  temperature 
of  the  steel  Is  adjiisted  so  that  similar  deceleration  rates  are  obtained, 
the  force  acting  on  the  extrusion  is  proportional  to  the  density  of  the 
material.  Thus  to  make  a  120-inch  extrusion  of  steel  requires  a  braking 
force  of  approximately  30  lbs.  per  inch  of  extrusion  and  tungsten  would 
require  approximately  120  lbs.  As  the  extrusions  are  made  at  lower 
and  lower  temperatures,  the  deceleration  rates  increase  and  the  force 
required  by  a  braking  device  would  8Q.so  increase.  The  tensile  strength 
of  the  extruded  material  would  also  inczeeise  but  this  would  not  signif¬ 
icantly  reduce  the  forces  required  by  the  braking  device. 

Essentially  a  braking  device  is  required  that  can  exert  retarding  forces 
of  3>000  poimds  to  13,000  poimds  over  a  120-lnch  long  extrusion  as  the 
speed  of  the  extrusion  decreases  from  1000  ft./sec.  to  zero  ft. /sec. 
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FIGUEffi  13  -  Relative  punch  and  holster  velocity  and  punch  strain  as  a  function. of  distance. 
,  Notice  the  shape  of  the  curves  as  conp^ed.to  Figure  10. 
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Punch  Travel  -  Inches  .  ■ 

FIGUEffi  Punch  decelei^tion  as  a  function  of  travel  or  length  of  'billet  extruded.  The  deceleration 

vaJ.ues  are  dii rived  from  velocity  in  Figure  12. 
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Extrusion  Length  -  Inches 

FIGUlhil  15  -  Plot  of  extrusion  deceleration  and  extrusion  sti'ess  vs  extrusion  length.  Stress  of  the 
c;;trusion  is  a  function  of  .the  laass  of  1yie  length  and  the. deceleration. 


Velocity  and  energy  measuiretDents  made  on  a  number  of  extrusions  from 
900  pel  to  2,000  psl  fire  pressure  are  shown  In  Tdble  U.  The  variation 

i 

in  the  relative  velocity  of  the  ram  and  bolster  is  negative  at  all 
fire  pressures,  that  is,  the  measured  velocity  is  lower  than  the  calcu¬ 
lated  velocity  based  on  energy  contained  in  the  fire  pressure  gas.  The 
difference  in  velocity  varied  from  at  900  psi  fire  presstire  to 
2X,2$  at  2,000  psl  fire  pressrure.  The  gradual  reduction  in  efficiency 
is  probably  a  result  of  the  restriction  imposed  by  the  orifice  throiigh 
which  the  gas  must  flow.  The  energy  efficiency  is  somewhat  lower  varying 
from  83.3^  &t  900  psl  to  62.1«-^  at  2,000  psl.  Acttial  velocities  and 
eikergles  are  shown  graphically  in  Figures  16  and  I7.  The  energy  of  the 
machine  was  checked  by  two  different  means.  One,  as  a  function  of  the 
velocities  and  two,  by  the  actual  work  done.  In  Figure  13  the  kinetic 
energy  of  the  system  at  impact  is  72,000  ft.  lbs.  while  the  work  done 
in  producing  the  extrusion(,calculated  from  product  of  punch  stress  and 

length  of  billet  extruded)  is  82,000  ft.  lbs.  The  calculated  energy 

X- 

of  the  machine  is  102,000  ft.  lbs.  at  impact  and  122,000  ft.  lbs.  at 
the  end  of  the  extrusion  period.  The  ^2,(XX)  ft.  lbs.  and  102,000  ft. 
lbs*  do  not  represent  the  total  potential  energy  of  the  system  for 
additional  energy,  approximately  10,000  ft.  lbs.,  is  delivered  by  the 
expanding  gas  in  the  fire  chamber  while  the  ram  travels  3  inches  during 
the  extiruslon  period. 

5»  Dies  and  Tooling 

Less  trouble  was  experienced  with  tooling  than  in  previous  reporting 
periods.  The  H-13  type  steel  is  still  being  used  for  the  majority  of 
the  punches,  dies  and  containers  with  some  experlmenteil  punches  made 
from  M-2  hl£^  speed  tool  steel.  The  Mi-2  steel  was  selected  on  the 
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Energy  -  Ft.  Pounds  x  1000 


basis  of  having  a  good  combination  of  strength  and  tou^mess  at 
5l»-  -  58  Rc. 

One  failure  occurred  on  the  1210  Ilynapak  while  extruding  steel 
through  a  shear  die  at  21:1  reduction  ratio.  [This  punch  was  made 
from  M-2  high  speed  steel  hardened  to  3^  Rc  and  failed  after  being 
stressed  to  300,000  psi  on  two  successive  extrusions,  Sll^t  bending 
was  observed  after  the  first  extrusion  and  after  the  second  extrusion 
the  punch  was  bent  out  of  alignment  so  that  it  could  no  longer  be 
used.  It  is  Interesting  to  note  that  the  H>2  punch  had  a  ductile 
rather  than  brittle  failure  at  this  hardness.  One  other  M-2  exper¬ 
imental  punch  is  being  liardened  to  ^3  -  60  Rc  in  an  attempt  to  raise 
the  yield  strength  to  avert  this  type  of  failure.  Other  materials 
that  are  being  considered  for  this  application  at  hardness  levels  of 
5*^  -  60  Rc  are  AISI  type  S-1,  low  carbon  M-2,  low  carbon  T-1  and  H-26. 

Some  other  changes  have  been  made  to  the  tooling.  Heavy  backup  plates 
are  being  used  where  possible  to  give  more  support  to  the  die.  The 
billet  container  has  beep  modified  to  allow  for  larger  heads  on  the 
hold  down  bolts,  this  reduces  some  of  the  flashing.  To  eliminate  die 
breakEige  split  dies  are  being  used.  The  single  piece  die  has  a  hlgdi 
stress  concentration  in  the  comers  of  the  "T"  configuration  emd  most 
of  the  die  failings  are  a  result  of  cracks  which  originate  at  the 
point.  The  three  piece  die  is  split  at  each  comer  of  the  "T**  and  is 
held  together  by  a  close  fitting  holder. 

D,  WOffac  FOR  REXT  REPORTIMG  PERIOD 

Work  for  the  next  reporting  period  will  be  directed  at  completing 
Phase  II.  To  meet  the  objective,  10-foot  extrusions,  2  inch  by  1  inch 
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by  .050  inch,  in  the  configuration,  effort  be.  directed 
prinarily  at  in^rovlng  the  existing  braking  device  and  vorking  on 
new  concepts  for  better  types  of  decelerators.  In  addition,  work 
will  be  continued  on  die  design  and  die  coatings  for  improving  die 
life  and  surface  finish.  Other  parameters  of  the  extrusion  process, 
teinperature,  K  factors  and  tooling  stresses  will  continue  to  be 
investigated. 
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M9.terials  &  Process  Laboratory 

Ltudberg’  Field 

San  Diego  13,  California 

Scmdla  Corporation  1 

ATTN:  Mr.  Ri  H.  Msbs,  Sec.  l621 
Sandia  Base' 

Alburquerque ,  Nev  Mexico 

Sandia  Coarporation  1 

Livermore  Laboratory 
ATTN;-  Mr.  M.  W.  Mote,  Jr. 

P.  Oi  Box  9^ 

Livennore,  California 

Solar  Aircraft  Company  1 

ATTN:  Mr.  F.  H.  West,  Chief  Librarian 

2200  Pacific  Avenue 

San  Diego  12,  California 

Thompson-Bamo-Wooldrldge  1 

Staff  Research  and  Development 

Chemical  and  Metallurgical  Department 

ATEN:  Mr.  A.  S.  Nemy 

23555  Euclid  Avenue 

Cleveland  17,  Ohio 

Chance -Vought  Aircraft,  Incorporated  1 

Vought  Aeronautics  Division 

ATTN:  Mr.  G.  A.  Starr 

P.  0.  Box  5907 

Dallas,  Texas 

United  Aircraft  Corporation  1 

Pratt  &  Whitney  AlrcradEt  Division 
ATEN:  Mr.  F.  J.  Fennessy 
Eeist  Blartford,  Connecticut 

United  States  Steel  tk>rporation  1 

Products  Development  Division 

ATTN:  Mr.  Carl  Buck,  Chief  Metallurgist 

525  William  Penn  Place 

Pittsburgh,  Pennsylvania 

Universal  Cyclops  Steel  Corporation  1 

Refractomet  Division; 

ATTN:  Mr.  P.  C.  Rossin,  General  Manager 
BridgevlUe,  Pennsylvania 


T 


University  of  California 
Lawrence  Radiation  Latoratoxy 
Technical  Information  Division 
ATESx  Clovis  G.  Graig 
P,  0.  Box  808 
Livermore,  California 

Vanad.ltim  Corporation  of  America 
ATtNs  Mr.  C.  N.  Cosman 

Ifetallurgical  Engineer 
Craybar  Building 
420  Lexington  Avenue 
New  York  17,  New  York 

Wah  Chang  Corporation 
ATEN:  Mr.  K.  C.  Lee 
233  Broadway 
New  York,  New  York 

USI  Clearing-Hermes 
ATTN:  Robert  Q.  Parson 
Sales  M^aager 
1243  Transit  Avenue 
Pomona,  CeLlifomia 

Vyman-Gordon  Coinpany 

ATTN:  Mr.  Arnold  Rustay,  Technical  Director 

Grafton  Plant 

Worcester  Street 

North  Grafton,  Massachusetts 

Westinghouse  Electric  Corporation 
ATTN:  Dr.  F.  L.  Orrell 
P.  0.  Box  128 
BlalrsvlUe,  Pennsylvania 
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